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A B S T R A C T   

Objectives: The treatment for COVID-19 often utilizes immune-modulating drugs. These drugs are also used in 
immune mediated inflammatory diseases (IMIDs). We performed a systematic review about seroconversion after 
SARS-CoV-2 vaccination in patients with IMIDs and impact of various drugs on seroconversion rates. 
Methods: Electronic databases were searched to identify relevant studies reporting seroconversion rates following 
SARS-CoV-2 vaccination in IMIDs. We calculated the pooled seroconversion rates after a single or two doses of 
vaccination, pooled seroconversion rates in patients with specific IMIDs, and rates in patients on various drugs/ 
drug classes. 
Results: Twenty-five studies were included in the systematic review. The pooled seroconversion rates after two 
doses of mRNA vaccination were higher (83.1, 95%CI: 74.9–89.0, I2 = 90%) as compared to a single dose (69.3, 
52.4–82.3, I2 

= 95%). The odds of seroconversion were lower in IMIDs as compared to healthy controls (0.05, 
0.02–0.13, I2 = 21%). The seroconversion rates in patients with inflammatory bowel disease (95.2, 95%CI: 
92.6–96.9, I2 = 0%), spondyloarthropathy (95.6, 95% CI: 83.4–98.9, I2 = 35%), and systemic lupus erythe
matosus (90.7, 95%CI: 85.4–94.2, I2 

= 0%) were higher as compared to rheumatoid arthritis (79.5, 95% CI: 
65.1–88.9, I2 = 85%), and vasculitis (70.5, 95% CI: 52.9–83.5, I2 = 51%). The seroconversion rates following 
double dose of mRNA were excellent (>90%) in those on anti-tumour necrosis factor (TNF), anti-integrin 
(vedolizumab), anti-IL 17 (secukinumab), anti-IL6 (Tocilizumab) and anti-IL12/23 (Ustekinumab) therapies 
but attenuated (<70%) in patients on anti-CD20 (Rituximab) or anti-cytotoxic T lymphocyte associated antigen 
(CTLA-4) therapies (Abatacept). The seroconversion rates were good (70–90%) with steroids, hydroxy
chloroquine, JAK inhibitors, mycophenolate mofetil and leflunomide. Combination of anti-TNF with immuno
modulators (azathioprine, 6-meracptopurine, methotrexate) resulted in an attenuated vaccine response as 
compared to anti-TNF monotherapy. 
Conclusion: Seroconversion rates after SARS-CoV-2 vaccination are lower in patients with IMIDs. Certain ther
apies (anti-TNF, anti-integrin, anti-IL 17, anti-IL6, anti-12/23) do not impact seroconversion rates while others 
(anti-CD20, anti-CTLA-4) result in poorer responses.   
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1. Introduction 

Vaccination has emerged as an important strategy to mitigate the 
rates and adverse outcomes of COVID-19 infection. Various vaccines 
approved in different geographic regions have been shown to be effi
cacious in reducing infection rates and severe disease in randomized 
studies [1–3]. However, initial randomized studies of SARS-CoV-2 vac
cines excluded patients with comorbidities including immune mediated 
inflammatory diseases (IMIDs) [1–3]. IMIDs may be associated with 
immune dysfunction related either to the underlying disease or use of 
immune-modulating drugs. Initially, there were concerns regarding a 
possible heightened risk of COVID-19 and worse outcomes of COVID-19 
in IMIDs which was later refuted [4,5].Certain drugs were also recog
nized to adversely impact clinical outcomes in IMID patients infected 
with COVID-19 [4–6]. 

There is a concern that underlying IMIDs or associated use of im
mune modifying drugs could attenuate responses to SARS-CoV-2 
vaccination. Both antibody and T cell immune responses are consid
ered to be relevant following SARS-CoV-2 vaccination. The development 
of these responses and their persistence or decay in time may determine 
the future need for booster dosing schedules. It is unclear if patients with 
IMIDs (or a subgroup of them) are candidates for monitoring serologic 
responses. It is important to recognize the subgroups likely to be at risk 
of suboptimal responses with respect to underlying disease, therapies or 
vaccine type. Responses to other vaccines like the hepatitis B vaccine 
and influenza are suboptimal in patients with inflammatory bowel dis
ease (IBD) and IMIDs [7,8]. This is especially true for patients on 
immunosuppressive medications. This information however may not be 
directly applicable to SARS-CoV-2 vaccination because of differences 
with respect to virus and vaccine types. The mRNA and adenoviral 
vector-based technologies used in SARS-CoV-2 vaccine development are 
relatively new and the impact of underlying IMID and immune- 
modulating drugs on serological responses is uncertain. Individual 
studies, except for a few, may typically describe responses to one type of 
(single or two doses) vaccine in a particular subset of patients. 

In view of these uncertainties, we performed a systematic review on 
efficacy of SARS-CoV-2 vaccination in patients with IMIDs across the 
various vaccine platforms. We also attempted to clarify if the use of 
concomitant drugs (immunomodulators, corticosteroids, biologics, 
small molecules etc) had an impact on humoral responses following 
SARS-CoV-2 vaccination in these patients. 

2. Methods 

This meta-analysis was conducted in accordance with the Meta- 
analysis Of Observational Studies in Epidemiology (MOOSE) group 
guidance [9]. 

3. Database search 

We performed a search in electronic databases using PubMed and 
Embase from inception till 4th July 2021. The keywords used for the 
search included immune mediated inflammatory diseases, SARS-COV-2 
and vaccination which were combined using the Boolean operator 
‘AND’. The detailed search strategy is described in the Supplementary 
Table 1. References of eligible studies were searched for additional pa
pers. We also searched the articles in press or ahead of print papers from 
major gastroenterology and immunology/ rheumatology journals to 
identify relevant articles (recent till July 21, 2021). Preprint servers 
medRxiv and bioRxiv were also searched for any additional papers. The 
titles retrieved from the search were combined and the duplicates were 
removed. Two reviewers screened the articles for relevant papers (AJ, 
SM). Following this, the selected articles were selected for screening of 
full text (AJ, SM) and any differences were resolved after discussion with 
a third reviewer (VS). 

4. Selection of studies 

We included all articles which provided data relevant to questions 
planned to be addressed in this systematic review. Articles were 
included irrespective of the format of publication i.e. original paper, 
abstract, letter, etc. We included studies which reported at least one of 
the key outcomes.  

1) Seroconversion rates after SARS-CoV-2 vaccination in patients with 
underlying immune mediated inflammatory disorders (IMIDs).  

2) Comparison of vaccine seroconversion rates in IMIDs when 
compared to control group(s).  

3) Studies reporting seroconversion rates in patients exposed to drugs 
used in IMID patients e.g. immunomodulators, corticosteroids, small 
molecules and/or biologics. 

Any study which reported on a patient population of 5 participants or 
less was excluded. We also excluded studies which only provided the 
data on patients who did not have seroconversion after the vaccine 
without providing the denominator (patients vaccinated). The studies 
which provided only titres of anti-spike antibodies but not the sero
conversion rates were also excluded. However, an effort was made to 
contact the authors on email to provide relevant data. 

5. Data extraction 

The data were extracted irrespective of the type of vaccine, number 
of vaccine doses or the timing when the response was measured after 
vaccination. The data was extracted from the relevant studies by two 
reviewers (AJ and SM) and any discrepancy was resolved by discussion 
with the third reviewer (VS). We extracted data including the details of 
publication (author and location of study), underlying population (type 
of IMID, number of participants, any healthy controls, age, sex) and 
current treatment including 5-aminosalicylic acid (5-ASA), hydroxy
chloroquine, leflunomide, immunomodulators (thiopurines, calcineurin 
inhibitors and methotrexate), corticosteroids(oral/intravenous), bi
ologics (anti-tumour necrosis factor [TNF], anti-integrins, anti-CD20 
etc) and small molecule inhibitors. We recorded the number of in
dividuals who successfully seroconverted. The seroconversion rates in 
healthy controls and various IMIDs were also extracted where available. 
For each of the drugs the numbers of individuals who received the 
vaccination and then successfully seroconverted were also recorded. 

6. Outcomes 

We calculated the pooled seroconversion rates after COVID vacci
nation in IMIDs. The responses were calculated for seroconversion rates 
after single dose or two dose regimens of vaccine respectively, 
depending on the type of vaccine. The pooled odds for response of 
vaccine in IMIDs compared to healthy controls were also calculated. 
Pooled seroconversion rates were estimated for of the specific IMID 
condition (e.g. IBD, rheumatoid arthritis [RA], systemic lupus arthritis 
[SLE], spondyloarthropathy and vasculitis). We also calculated the 
pooled response rates to COVID vaccination in patients who were on a 
particular drug/ drug class or combinations of drugs. 

A pooled analysis was performed only when at least three studies 
with >5 participants each were available for any individual analysis. 
The analyses were performed for single or two dose vaccine regimens 
separately as responses were known to be different depending on the 
number of doses. We additionally analysed adeno-associated virus based 
(AAV) and mRNA vaccines individually. 

7. Data analysis 

R statistical software version 4.0.1 was used for the analysis and in 
addition to the base package, meta package was used [10,11]. Pooled 
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seroconversion rates and odds ratio were computed by random effect 
method with inverse variance approach. Logit transformations were 
made for the individual seroconversion rate before computing pooled 
summary. Subgroup analyses were conducted for computing pooled 
seroconversion based on underlying IMID, drug exposure and vaccine 
dosage (single vs two dose). I2 and p values were used for the assessment 
of heterogeneity. 

8. Methodological quality and risk of bias assessment 

Two of the investigators (SM and AJ) independently assessed the 
methodological quality and risk of bias of studies using the Joanna 
Briggs Institute (JBI) Critical appraisal checklist. JBI tool for case series 
was used to assess the studies which described the response to vaccines 
in patients with IMID only, without any control group or any comparison 
with a non-vaccinated cohort, for the criteria for inclusion, measure
ment of condition, reporting of baseline characteristics, reporting of 
outcomes and appropriateness of the statistical analysis [12]. JBI tool for 
case control was used to assess the studies which described the response 
to vaccines in patients with IMID with comparison to a control group for 
comparability of the two groups, measurement of exposure, identifica
tion of confounding factors, measurement of outcome variables, dura
tion of exposure period and appropriateness of statistical analysis [13]. 
Any discordance in quality and risk of bias assessment was resolved by 
mutual agreement of both the investigators in discussion with a third 
reviewer (VS). 

9. Results 

The search of the two databases yielded a total of 1795 citations of 
which 195 were duplicates. Additional 10 articles were identified by 

searching relevant journals. Eventually 35 papers underwent full text 
screening (Fig. 1, PRISMA flow chart). Out of this, data from 25 studies 
was used for analysis. Table 1 provides the details of the included studies 
including site of the study, numbers vaccinated in IMIDs, underlying 
disease and drugs, the number and type of vaccine received [14–38]. 
Supplementary Table 2 lists the reasons for exclusion of studies 
[39–48]. 

10. Seroconversion after SARS-CoV-2vaccination 

For seroconversion rates to a single dose of vaccine, ten cohorts from 
eight studies were considered for analysis (two studies provided data for 
both mRNA and AAV based vaccines) (Supplementary Table 3). How
ever, since only two studies provided data for AAV related responses, 
these were excluded from analysis. The pooled seroconversion rate after 
a single dose of vaccine was 69.3 (95% CI, 52.4–82.3, I2 = 95%) (Fig. 2). 
The high degree of heterogeneity in response to a single dose of mRNA 
vaccine could be related to various reasons including differences in the 
baseline population (type of IMIDs and drugs used), assessment of 
response (definition of seroconversion, laboratory kits used and, timing 
of assessment after vaccination) (Supplementary Table 3). 

For the response to two doses of vaccination, 22 cohorts identified 
from 20 studies were considered. However, 4 cohorts (2 AAV related and 
2 inactivated vaccines) were excluded from the analysis. Eventually, 18 
cohorts with a double dose of mRNA vaccine with more than 5 partici
pants were included for analysis (Supplementary Table 4). The pooled 
seroconversion rate to two doses of vaccine was 83.1 (95%CI, 74.9–89.0, 
I2 = 90%) (Fig. 3). The pooled response rate in the subgroup of patients 
who received rituximab was distinctively lower at 29.6 (95%CI, 
13.8–52.4, I2 = 37%). The high degree of heterogeneity in response to a 
two doses of mRNA vaccine could be related to reasons similar to those 

Fig. 1. PRISMA flow chart depicting the process of screening and selection of studies for the systematic review.  
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Table 1 
Details of studies included in the systematic review.  

Author 
(Place of study) 

N Age, Gender Vaccinedose Diseases Definition of Response Response Response in drugs 

Al-Janabi A 
et al.14 (UK) 

120 
IMID 

Median age =
53 yrs., 
Females (n =
49) 

mRNA+
AAV 
First dose 

N = 120  

Psoriasis(n = 107) 
PsA (n = 25) 
RA (n = 10) 
SLE (n = 1) 
Crohn's (n = 1) 

Elecsys SARS-CoV-2 S 
(Roche) Antibody >0.8 U/ 
mL at 2–12 weeks of first 
dose 

Positive Response (n =
102)  

Negative Response (n =
18) 

Biological (73/81), 
Oral IMM (23/31) 
Combination (6/8) 

Ammitzbøll C et 
al [15] 
(Denmark) 

134 
SLE or RA 

Median age =
70 yrs., 
Female (n =
90) 

mRNA  

second dose 

N = 134  

SLE(n = 61) 
RA (n = 73) 

double antigen sandwich 
chemiluminescent 
immunoassay  

signal/cutoff (S/CO) of 1 
or more was considered 
positive at 
1 week after the second 
vaccination 

RA (49/73)  

SLE (54/61) 

Mtx (32/46), 
TNFi (31/36), 
JAKi (6/8), 
Rituximab (4/17), 
MMF (13/16), 
HCQ (34/36), 
Steroid (27/37), 
Anti IL6 (6/6), 
abatacept (3/6), 
Belimumab (3/3) 
Leflunomide (2/5) 

Boyarsky et al 
[16] (USA) 

123 
RMD 

Median age =
50 yrs., 
Female = 117 

mRNA  

first dose 

Inflammatory 
arthritis (n = 34), 
SLE (n = 24), 
Sjogren's (n = 16), 
Myositis (n = 7), 
Vasculitis (n = 2), 
Overlap (n = 35). 

Roche Elecsys anti-SARS- 
CoV- 
2 S enzyme immunoassay 
(EIA) with detectable 
antibody after a single dose 

Over all (91/123), 
Inflammatory arthritis 
(n = 29/34), 
SLE (n = 16/24), 
Sjogren's (12/16), 
Vasculitis (n = 1/2), 
Overlap (n = 25/35). 

Non biologic 
AZA (9/13), 
HCQ (27/37), 
MMF (3/11), 
SAAZ (4/5), 
TAC (0/2), 
Leflunomide (2/4), 
MTX (10/13), 
Biologic 
Abatacept (3/6), 
Belimumab (5/10), 
Interleukin inhibitor 
(6/6), 
Rituximab (2/6), 
TNFi (16/17), 
Tofacitinib (2/3) 

Braun- 
Moscovici et 
al [17] 
(Israel) 

264 
IRD 

Mean age =
57.6 ± 13.8 
yrs., Females 
(n = 184) 

mRNA  

second dose 

Inflammatory joint 
diseases (n = 152), 
CTD (n = 87), 
Vasculitis (n = 19) 

SARS-CoV- 
2 IgG II Quant (Abbott) 
assay 
based on a 
chemiluminescent 
microparticle 
immunoassay- test is 
considered positive above 
50 AU/mL at 4–6 weeks 
after second dose 

Overall (227/264), 
Inflammatory joint 
diseases (n = 135/152), 
CTD (n = 70/87), 
Vasculitis (n = 17/19), 

MTX (68/78), 
MMF (17/26), 
Anti CD20 (24/48), 
Belimumab (9/11), 
TNFi (63/63), 
Anti-interleukin(39/ 
40), 
Abatacept (5/8), 
JAKi (9/9), 
Combined without 
rituximab (65/70), 
Steroids (76/92) 

Bugatti et al 
[18] (Italy) 

140 
Inflammatory 
arthritis 

Mean age 
55.7 ± 14.4 
yrs., Females 
(n = 95) 

mRNA  

first dose 

RA (n = 83), 
PsA (n = 29), 
SpA (n = 28) 

using chemiluminescent 
immu 
noassay 
(LIAISON SARS-CoV- 
2 S1/S2 IgG; DiaSorin, 
SARS-CoV- 
2 anti-S1 
and anti-S2 
IgG antibodies, with values 
>15 AU/mL at 21 days after 
first dose 

Overall (85/140),  

RA (n = 40/83), 
PsA (n = 20/29), 
SpA (n = 25/28) 

MTX (27/66), 
SAAZ (10/12), 
Leflunomide (3/5), 
Cyclosporine (0/1), 
TNFi (39/46), 
Anti-IL6 (8/14), 
Anti-IL 17/23 (17/ 
19), 
JAKi (9/12), 
CTLA4ig (9/30) 

Dailey et al [19] 
(USA) 

33 IBD  mRNA (n =
28)/AAV (n 
= 5)  

second dose 

IBD (n = 33) SARS-CoV-2 Spike 
protein receptor binding 
domain (S-RBD) IgG 
positivity at mean of 3.3 
weeks after second dose, 
range 1 to 10 weeks 
(mRNA) and mean of 3.1 
weeks, range 1.6 to 3.6 
weeks(AAV) 

Overall (33/33)  

mRNA (28/28), 
AAV (5/5) 

Vedolizumab (4/4) 
Infliximab (22/22) 
Infliximab+Mtx (3/ 
3), 

Furer V et al 
[20]  

(Israel) 

686 
IRD and 
121 controls 

Median age- 
59 yrs., 
Females (n =
475) 

mRNA  

second dose 

RA, n = 263 
PsA, n = 165 SpA, 
n = 68 
SLE, n = 101 
IIM, n = 19 
Vasculitis, n = 70 
LVV, n = 21 AAV, 

Seropositivity was defined 
as IgG ≥15 
binding antibody units 
(BAU)/mL. measured 2–6 
weeks after the second 
vaccine dose 

overall  

IRD (590/686)  

control (121/121)  

RA (216/263), 

Steroids (86/130), 
MTX (148/178), 
HCQ (120/133), 
Leflunomide (25/28), 
TNFi (167/172), 
anti-IL6 (37/37), 
anti-CD20 (36/87), 

(continued on next page) 
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Table 1 (continued ) 

Author 
(Place of study) 

N Age, Gender Vaccinedose Diseases Definition of Response Response Response in drugs 

n = 26, 
Other 
vasculitis, 
n = 23 

PsA (160/165), 
SpA (67/68), 
SLE (93/101), 
IMM (7/19), 
LVV (20/21), 
AAV (8/26) 
other vasculitis (19/21) 

anti-IL 17 (47/48), 
Abatacept (10/16), 
JAKi (41/45), 
Belimumab (7/9), 
MMF (18/28) 

Geisen et al [21]  

(Germany) 

26 CID and 42 
controls 

Mean age- 
50.5 yrs., 
Females (n =
17) 

mRNA   

second dose 

PsA (n = 2) 
RA (n = 8), 
MCTD (n = 1), 
SpA (n = 3), 
SLE (n = 2), 
Psoriasis (n = 4), 
IBD (n = 3), 
Myositis (n = 1), 
Vasculitis (n = 1), 
Sarcoidosis (n = 1) 

ELISA 
according to manufacturer's 
protocol (EUROIMMUN 
QuantiVac)  

Antibody titres 
were assessed by ELISA 
before initial vaccination 
and 
7 days after secondary 
vaccination. 

overall 26/26,  

Control 42/42  

Response in all 

Steroid (7/7), 
Leflunomide (3/3), 
HCQ (3/3), 
AZA (1/1), 
SAAZ (1/1), 
Infliximab (3/3), 
Adalimumab (3/3), 
Golimumab (1/1), 
Certolizumab (3/3), 
Etanercept (3/3) 
Tocilizumab (1/1), 
Vedolizumab (1/1), 
Secukinumab (2/2), 
Ustekinumab (1/1) 
Ixekizumab (1/1) 
Belimumab (1/1) 

Haberman et al 
[22] 
(USA) 

51 IMID 
and 
26 control 

Females (n =
36) 

mRNA   

second dose  

In the New 
York City cohort, direct 
ELISA:Titre of 5000 units 
or greater was used as the 
cut-off 
to determine an adequate 
response to vaccine 

Response (42/51)     

Control (25/26) 

Mtx (18/25), 
No MTX (24/26) 

Haberman et al 
[22]  

(Germany) 

31 ‘ 
IMID  

and 179 
Controls 

Females (n =
22) 

mRNA   

second dose  

IgG antibodies –S1 domain 
were tested in Erlangen 
participants by ELISA from 
Euroimmun (Lübeck, 
Germany) on the 
EUROIMMUN Analyzer I 
platform. Adequate 
response 
was defined as greater than 
5.7 nm OD 

Response (20/31)  

Control (179/179) 

MTX (10/20),   

TNFi (10/11) 

Kappelman MD 
et al [23]  

(USA) 

317 
IBD 

Mean age- 
50.9 yrs., 
females (n =
238) 

mRNA  

second dose 

IBD (n = 317) IgG RBD 
antibodies at 
approximately 8 weeks 
following completion of 
the vaccination using 
LabCorp Cov2Quant IgG™ 
assay  

Results of 1.0 g/mL 
or greater suggest 
vaccination and/or prior 
infection with SARS-CoV-2 

Response in IBD (300/ 
317) 

Steroids (2/) StTNFi 
(101/108), 
Thiopurines (19/20), 
combination (21),  

5ASA,SAAZ, 
budesonide and no 
drugs (61/65)  

Vedoli (46/46), 
Ustekinumab (38/39) 

Kennedy et al 
[24]  

(UK) 

IBD 
1293 single 
dose    

27 IBD double 
dose 

Age - 43.8 
(32.8–57.6) 
yrs.,  

Female- 634/ 
1288 

mRNA/AAV 
Single dose        

mRNA 
double dose 

IBD (n = 1293)          

IBD (n = 27) 

anti-SARS- 
CoV- 
2 spike (S) antibody 
concentrations, measured 
using the Elecsys anti- 
SARS- 
CoV- 
2 
spike (S) antibody assay 
3–10 weeks after 
vaccination, 
in patients without prior 
infection. Seroconversion 
rates was defined by a cut- 
off of 15 U/mL 

Response in single dose 
(494/1293)        

Response after single 
dose (23/27) 

mRNA vaccine  

infliximab+IMM(n =
65/240), 
Infliximab (n = 53/ 
147), 
Vedolizumab+IMM 
(n = 20/36), 
Vedolizumab (n =
124/166)    

AAV 
infliximab+IMM(n =
60/297), 
Infliximab (n = 50/ 
181), 
Vedolizumab+IMM 
(n = 28/62), 
Vedolizumab (n = 94/ 
164) 

Psoriasis (n = 77) 

(continued on next page) 
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Table 1 (continued ) 

Author 
(Place of study) 

N Age, Gender Vaccinedose Diseases Definition of Response Response Response in drugs 

Mahil et al [25]  

(UK) 

84 patients 
psoriasis   

17 control 

median 
age of 43 years 
(IQR 31–52), 
Females (n =
45) 

mRNA  

first dose 

Immunogenicity at day 28 
(±2 days) after vaccination  

seroconversion, assessed 
using 
ELISAs for IgG specific for 
the SARS-CoV-2 spike 
glycoprotein, and the 
functional capacity to 
neutralise both wild-type 
strain of SARS-CoV-2 and 
the B.1.1.7 variant 

Response (60/77)     

Control (17/17) 

methotrexate (7/15), 
TNF i (19/24), IL-17 i 
(15/15), 
IL-23 inhibitors (19/ 
23) 

Mrak et al [26]  

(Austria) 

74 IMID on 
rituximab   

10 control 

Mean age 
61.7 ± 13.3 
years, Females 
(n = 57) 

mRNA   

second dose 

IgG4-related (n =
2), 
Connective tissue 
diseases (n = 22), 
RA (n = 33), 
Vasculitis (n = 17). 

Antibodies against RBD 
were 
determined after second 
vaccination 

Response (29/74)  

IgG4-related (1/2) 
Connective tissue 
diseases (5/22), 
RA (13/33), Vasculitis 
(10/17).     

Control (10/10) 

Any csDMARD (16/ 
42) 
MTX (10/24), 
MMF (2/8), 
HCQ (3/7, 
AZA (1/5), 
Leflunomide (2/4) 
SAAZ (1/1) 
Prednisone (8/22) 

Deepak P et al 
[27]  

(USA) 

133 
chronic 
inflammatory 
diseases    

53 controls 

mean age 
45.5 ± 16.0 
years, 
Females (n =
99) 

mRNA  

second dose 

IBD (n = 43), 
Inflammatory 
arthritis (n = 2), 
RA (n = 35), 
SpA (n = 6), 
SLE (n = 13), 
Sjogren (n = 2), 
Psoriasis (n = 2), 
PsA (n = 5) 

anti-S IgG quantification 
was performed using ELISA 
and direct ex-vivo ELISpot 
assays were performed to 
quantify recombinant S 
protein-binding IgG 
secreting cells    

96% of blood samples 
collected 
within 14 days post- 
vaccination 

Response (117/133), 
IBD (42/43), 
Inflammatory arthritis 
(2/2), 
RA (30/35), 
SpA (5/6), 
SLE (12/13), 
Sjogren (2/2), 
Psoriasis (1/2), 
PsA (5/5)         

Response in control 
(52/53) 

AZA (4/4), 
MMF (7/9), 
MTX (26/29), 
Leflunomide (2/2), 
Steroid (10/17), 
TNFi (35/38), 
Infliximab (6/6), 
Adalimumab (13/14), 
Golimumab (2/2), 
Abatacept (1/2), 
Vedolizumab (12/ 
12), 
Ustekinumab (9/9), 
anti-IL 12/21 (10/ 
10), 
Tofacitinib (10/10), 
Rituximab (5/6), 
anti- IL6(1/1), 

Rubbert-Roth et 
al [28]  

(Switzerland) 

51 RA mean age 64⋅6 
(11⋅5) years, 
Females (n =
29) 

mRNA  

First dose  

second dose 

RA (n = 51) Roche Elecsys Anti-SARS- 
CoV-2 spike subunit 1 (S1)  

A lower cutoff level of >15 
U/mL has been suggested, 
emphasising the need to 
establish formal cutoff 
levels of anti-SARS-CoV-2 
antibody titres associated 
with protection against 
SARS-CoV-2 infection and 
severe disease. 

Response in first dose 
(5/51),  

Second dose (45/51),  

RA (45/51)  

Control (20/20) 

csDMARD (13/16), 
MTX (24/28), 
Steroid (16/17), 
Biologicals (9/9), 
Abatacept(4/5), 
JAKi (4/5), 

Ruddy et al [29]  

(USA) 

404 
RMD 

Females (n =
384) 

mRNA   

second dose 

Myositis (n = 24), One month after dose 2, 
SARS-CoV-2 antibody 
testing on Roche Elecsys 
anti-SARS-CoV-2 S EIA 
immunoassay 
measures total antibody to 
the SARS-CoV- 2 S RBD 
protein 

Response (378/404) 
Myositis (19/24) 

MMF (30/41), 
Steroid (95/116), 
TNFi (98/98), 
Rituximab (5/19) 

Seyahi et al [30]  

(Turkey) 

104 
IMID          

mean 
age: 42.2 ±
10.0 years, 
Females (n =
53) 

Inactivated  

second dose 

RA (n = 19), 
SpA/IBD(n = 29), 
Vasculitis (n = 7), 
Connective tissue 
disease (n = 17) 

Sera at least 21 days 
following the second 
vaccination 

Response (93/104)  

RA (15/19), 
SpA/IBD(28/29) 
Vasculitis (5/7) 
Connective tissue 
disease (14/17)    

No drug (29/29), 
csDMARD (22/25), 
Biologicals (22/25), 
Rituximab (1/7), 

(continued on next page) 
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Table 1 (continued ) 

Author 
(Place of study) 

N Age, Gender Vaccinedose Diseases Definition of Response Response Response in drugs   

Control − 347 

Response in control 
(345/347) 

Shenoy et al 
[31]   

(India) 

102 
autoimmune 
rheumatic 
diseases     

94 Control 

Mean age - 52 
(12.33) yrs., 
Females (n =
81) 

AAV/ 
inactivated  

second dose 

Rheumatoid 
Arthritis 
(n = 38), 
Palindromic 
Rheumatism 
(n = 17), 
Inflammatory 
Polyarthritis 
(n = 16) 
SpA 
(n = 13) 
SLE (n = 9), 
Vasculitis 
(n = 5), 
Scleroderma (n =
3), 
Myositis (n = 1) 

IgG antibody titres to the 
Spike protein were 
estimated 1 month after the 
second dose. 

Response (92/102)  

RA (35/38), 
Palindromic 
Rheumatism 
(16/17), 
Inflammatory 
Polyarthritis 
(16/16) 
Spondyloarthropathies 
(13/13), 
SLE (8/9), 
Vasculitis 
(3/5) 
Scleroderma 
(1/3) 
Myositis 
(0/1)    

Response in control 
(86/94) 

MTX (55/58), 
SAAZ 
(20/20), 
Leflunomide (8/9), 
HCQ, 
(67/71)  

Tofacitinib, 
(6/6), 
MMF 
(1/5), 
Tacrolimus 
(1/2), 
Azathioprine 
(2/2), 
Iguratimod 
(2/3), 
Apremilast 
(3/3), 
Rituximab 
(3/6), 
Adalimumab (0/1), 
Steroids 
(23/27) 

Simon et al [32]  

(Germany) 

84 IMID                  

Control 182 

Mean age - 
53.1 ± 17.0 
years,  

Females (n =
55) 

mRNA   

first 
dose 

IBD (n = 8)  

RA (n = 25)  

SpA (n = 27)  

Psoriasis (n = 8) 

More than 10 days before 
serum collection 
were included. 
Optical density (OD) was 
determined at 
450 nm (wavelength at 630 
nm). A cut-off 
of =0.8 (OD 450 nm) was 
considered as positive 

Response (79/84)  

IBD (8/8), 
RA (24/25), 
SpA (26/27), 
Psoriasis (8/8)             

Response in control 
(182/182) 

No drug (23/24), 
csDMARD (20/20), 
5ASA(1/1), 
HCQ (3/3), 
MTX (16/16), 
Steroid (10/10), 
Biologicals (35/36), 
TNFi (11/11), 
anti-IL17i (6/7), 
anti-IL 23 (6/6), 
JAKi (5/6), 
anti- IL6 (3/3), 

Simon et al [33]   

(Germany) 

7 patients on 
rituximab   

30 controls 

Mean age - 
53.5 ± 7.7 
yrs.,  

females(n = 5) 

mRNA   

second dose 

RA (n = 3), 
Granulomatosis 
with polyangiitis 
(n = 3), 
Dermatomyositis 
(n = 1) 

Sera were collected at least 
10 days after the second 
vaccination   

A cutoff of <0.8 and < 0.2 
was considered 
as negative for IgG 
antibodies against spike S1 
protein and nucleocapsid, 
respectively 

Response (0/7)          

Response in controls 
(30/30) 

Rituximab (0/7) 

Spiera et al [34]  

(USA) 

89 rheumatic 
diseases 

mean age- 
61.3034 
(16.081) 
years, Female 
(n = 68) 

mRNA   

first dose 

RA (n = 23), 
SLE (n = 9), 
Sjogren (n = 10), 
Vasculitis (n = 19), 
Myositis (n = 1), 
PsA (n = 6), 
Overlap (n = 1), 
MCTD (n = 1), 
Scleroderma (n =
5) 

Sera were collected from 
patients who 
had a clinic visit from 24 
February 2021 to 8 April 
2021 and 
were serologically screened 
for antibodies to the SARS- 
CoV- 
2 Spike protein.  

Roche Elecsys Anti-SARS- 
CoV-2 

Response (68/89)  

RA (21/23), 
SLE (7/9), 
Sjogren's (7/10), 
Vasculitis (11/19), 
Myositis (1/1), 
PsA (6/6), 
Overlap (1/1), 
MCTD (1/1), 
Scleroderma (2/5) 

5-ASA (1/1), 
HCQ (17/19), 
AZA (3/3), 
MMF (4/7), 
MTX (12/13), 
Leflunomide(2/3), 
Steroid (12/17), 
Adalimumab (8/8), 
Etanercept (1/1), 
Abatacept (1/1), 
Secukinumab (2/2), 
JAKi (6/6), 
Rituximab (5/15), 
anti-IL6 (1/2), 
Belimumab (1/2) 
Anti-IL1 (9/10) 

(continued on next page) 
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Table 1 (continued ) 

Author 
(Place of study) 

N Age, Gender Vaccinedose Diseases Definition of Response Response Response in drugs 

Valor-Mendez L 
et al [35]  

(Germany) 

10 chronic 
inflammatory 
conditions        

10 control 

mean age-33 
± 10 years,  

Females (n =
8) 

mRNA   

second dose 

Auto- 
inflammatory 
diseases (n = 10) 

IgG antibodies against the 
S1 domain of the spike 
protein of 
SARS-CoV- 
2 were tested by CE- 
certified 
ELISA (Euroimmun, 
Lübeck, Germany).  

Positive if OD >0.8 units 

Response (9/10)       

Response in control 
(10/10) 

Veenstra et al 
[36]  

(USA) 

8 IMID  

66 
Controls 

Female(n = 7) mRNA  

second dose 

IBD (n = 1) 
RA (n = 3), 
SLE (n = 4), 
Psoriasis (n = 1), 
PsA (n = 1), 

sera after at least 2 weeks 
were recruited.  

Individuals with RBD levels 
below the 0.7 cut-off 
level were assigned 
a value of 0. 

Response (7/8)  

IBD (1/1), 
RA (2/3), 
SLE (3/4), 
Psoriasis (1/1), 
PsA(1/1)     

Response in control 
(66/66) 

HCQ (1/1), 
AZA (1/1), 
MMF (1/1), 
Steroid (1/2), 
Infliximab (1/1), 
Tofacitinib (1/1), 
Ixekizumab (1/1) 

Westhoff et al 
[37]  

(Germany) 

9    

14 control 

Median − 64 
yrs.  

Female (n = 3) 

mRNA   

second dose 

Rituximab treated 
patients (n = 10) 

3 weeks after the 
second dose, respectively. 

Response (2/9)     

Response (14/14) 

Rituximab (2/9) 

Wong et al [38]  

(USA) 

26 IBD – mRNA   

second dose 

IBD (n = 26) using the Siemens 
Healthineers COV2T and 
sCOVG assays testing for 
total immunoglobulins 
and IgG, respectively, to the 
receptor binding 
domain (RBD) of the SARS- 
CoV-2 S protein and the 
Roche assay 
for antibodies to 
nucleocapsid protein  

Index value of 1 equals a 
positive test 

Response (26/26) No drug (4/4), 
TNFi (8/8), 
Vedolizumab (12/ 
12), 
Ustekinumab (2/2) 

Abbreviations – AAV: Adeno associated vector vaccine, 5ASA: 5 amino-salicylates, AZA: Azathioprine, CTLA4Ig: cytotoxic T lymphocyte associated protein-4 
immunoglobulin, EIA: Enzyme Immunoassay, HCQ: Hydroxychloroquine, IBD: Inflammatory bowel disease, IMID: Immune mediated inflammatory diseases, IMM: 
Immunomodulator, IRD: inflammatory rheumatic diseases, JAKi- Janus kinase inhibitors, MMF: Mycophenolate mofetil, MTX: Methotrexate, PsA: Psoriatic arthritis, 
RA: Rheumatoid arthritis, RMD: rheumatic and muscular diseases, SAAZ: Sulfasalazine, SLE: Systemic lupus erythematosus, SpA: Spondyloarthropathy, TAC: 
Tacrolimus, TNFi: Tumour necrosis factor inhibitors. 

Study

Total (95% CI)
Heterogeneity: Tau2 = 0.9753; Chi2 = 153.91, df = 7 (P < 0.01); I2 = 95%

Al−Janabi A et al
Boyarsky BJ et al
Bugatti S et al
Kennedy NA et al
Mahil SK et al
Rubbert−Roth A et al
Simon D et al
Spiera R et al

Events
 55
 91
 85

262
 60
  5

 79
 68

Total

1213

  60
 123
 140
 589
  77
  51
  84
  89

Weight

100.0%

11.3%
13.2%
13.4%
13.7%
12.8%
11.2%
11.3%
13.0%

IV, Random, 95% CI

69.30 [52.37; 82.25]

91.67 [81.61; 97.24]
73.98 [65.30; 81.48]
60.71 [52.11; 68.85]
44.48 [40.42; 48.60]
77.92 [67.02; 86.58]
9.80 [ 3.26; 21.41]

94.05 [86.65; 98.04]
76.40 [66.22; 84.76]

Events per 100 observations

20 40 60 80

Events per 100 observations
IV, Random, 95% CI

Fig. 2. Forest plot showing the pooled seroconversion rate after a single dose of mRNA vaccine in IMIDs.  
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listed above for the single dose analysis (Supplementary Table 4). 
For the comparison of seroconversion rates in patients with IMID vs. 

healthy controls, 13 cohorts from 12 studies provided relevant data. 
Two cohorts (inactivated or AAV related) were excluded from analysis 
(Supplementary Table 5). Of the 11 cohorts included, the pooled odds of 
seroconversion were significantly lower in individuals with IMIDs (0.05, 
95% CI: 0.02–0.13, I2 = 21%) (Fig. 4). For this comparative analysis, all 
the studies included reported seroconversion rates after the two dose 
regimen of mRNA vaccine. 

11. Disease specific seroconversion rates 

The pooled seroconversion rates for various IMIDs were: rheumatoid 
arthritis at 79.5 (95%CI, 65.1–88.9, I2 = 85%), systemic lupus 

erythematosus at 90.7 (95%CI, 85.4–94.2, I2 = 0%), vasculitis at 70.5 
(95%CI, 52.9–83.5, I2 = 51%), IBD at 95.2 (95%CI, 92.6–96.9, I2 = 0%) 
and spondyloarthropathy at 95.6 (95%CI, 83.4–98.9, I2 = 35%), 
respectively (Fig. 5). For this analysis, the studies which reported use of 
AAV or inactivated vaccines or response to single dose of mRNA vaccine 
were excluded. 

12. Impact of drugs on seroconversion rates 

For a single dose of mRNA vaccine, there were only two drugs which 
had three studies available for analysis for rates of seroconversion- TNF- 
alpha inhibitors (anti-TNF) and methotrexate. The pooled rates of 
seroconversion with single dose mRNA vaccine on anti-TNF and meth
otrexate were 67.4 (95%CI, 36.8–88.0, I2 = 94%) and 62.2 (95%CI, 

Subgroup

Total (95% CI)
Heterogeneity: Tau2 = 0.7989; Chi2 = 174.65, df = 17 (P < 0.01); I2 = 90%

byvar = Non−Rituximab

byvar = Rituximab    

Total (95% CI)

Total (95% CI)

Heterogeneity: Tau2 = 0.2742; Chi2 = 62.1, df = 14 (P < 0.01); I2 = 77%

Heterogeneity: Tau2 = 0.3146; Chi2 = 3.17, df = 2 (P = 0.21); I2 = 37%

Ammitzbøll C et al
Braun−Moscovici Y et al
Dailey J et al
Furer V et al
Geisen UM et al
Haberman RH et al (German Cohort)
Haberman RH et al (NY Cohort)
Kappelman MD et al
Kennedy NA et al
Parakkal D et al
Rubbert−Roth A et al
Ruddy JA et al
Valor−Mendez L et al
Veenstra J et al
Wong SY et al

Mrak D et al
Simon D et al
Westhoff TH et al

Study or
Events

103
227
 28
590
 26
 20
 42
300
 23
117
 45
378
  9
  7

 26

 29
  0
  2

Total

2286

2196

  90

 134
 264
  28
 686
  26
  31
  51
 317
  27
 133
  51
 404
  10
   8

  26

  74
   7
   9

Weight

100.0%

85.8%

14.2%

7.7%
7.8%
2.3%
8.0%
2.3%
6.9%
6.9%
7.5%
5.9%
7.4%
6.5%
7.7%
3.4%
3.3%
2.3%

7.5%
2.2%
4.5%

IV, Random, 95% CI

83.09 [74.91;  88.99]

87.63 [83.24;  90.99]

29.57 [13.82;  52.37]

76.87 [68.80;  83.71]
85.98 [81.20;  89.94]

100.00 [87.66; 100.00]
86.01 [83.18;  88.52]

100.00 [86.77; 100.00]
64.52 [45.37;  80.77]
82.35 [69.13;  91.60]
94.64 [91.55;  96.85]
85.19 [66.27;  95.81]
87.97 [81.20;  92.96]
88.24 [76.13;  95.56]
93.56 [90.71;  95.75]
90.00 [55.50;  99.75]
87.50 [47.35;  99.68]

100.00 [86.77; 100.00]

39.19 [28.04;  51.23]
0.00 [ 0.00;  40.96]

22.22 [ 2.81;  60.01]

Events per 100 observations

0 20 40 60 80 100

Events per 100 observations
IV, Random, 95% CI

Fig. 3. Forest plot showing the pooled seroconversion rate after two doses of mRNA vaccine in IMIDs.  

Study

Total (95% CI)
Heterogeneity: Tau2 = 0.5608; Chi2 = 11.46, df = 9 (P = 0.25); I2 = 21%

Furer V et al
Geisen UM et al
Haberman RH et al (German Cohort)
Haberman RH et al (NY Cohort)
Mrak D et al
Parakkal
Rubbert−Roth A et al
Simon D et al
Valor−Mendez L et al
Veenstra J et al
Westhoff TH et al

Events
590
 26
 20
 42
 29

117
 45
  0
  9
  7
  2

Total

1086

 686
  26
  31
  51
  74

 133
  51
   7
  10
   8
   9

IMID
Events

121
 46

179
 25
 10
 52
 20
 30
 10
 66
 14

Total

575

121
 46

179
 26
 10
 53
 20
 30
 10
 66
 14

HC
Weight

100.0%

10.2%
0.0%
9.8%

15.2%
9.7%

16.0%
9.5%
5.6%
7.7%
7.8%
8.4%

IV, Random, 95% CI

0.05 [0.02; 0.13]

0.03 [0.00; 0.41]

0.00 [0.00; 0.09]
0.19 [0.02; 1.56]
0.03 [0.00; 0.55]
0.14 [0.02; 1.09]
0.17 [0.01; 3.18]
0.00 [0.00; 0.06]
0.30 [0.01; 8.33]
0.04 [0.00; 1.01]
0.01 [0.00; 0.27]

Odds Ratio

0.001 0.1 1 10 1000

Odds Ratio
IV, Random, 95% CI

Fig. 4. Forest plot showing the pooled odds ratio of seroconversion after SARS-CoV-2 vaccination in patients with IMIDs as compared to healthy controls.  
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36.9–82.2, I2 = 73%) respectively (Supplementary Fig. 1). 
The pooled rates of seroconversion with double dose mRNA vaccine 

on steroids, mycophenolate mofetil, methotrexate and hydroxy
chloroquine were 78.2 (95%CI, 70.0–84.6, I2 = 56%), 70.4 (95%CI, 
61.5–78.0, I2 = 0%), 80.3 (95%CI, 70.5–87.5, I2 = 70%) and 89.5 (95% 
CI, 84.4–93.1, I2 = 0%) respectively. For infliximab, the pooled rate of 
seroconversion with double dose mRNA vaccine was 89.4 (95%CI, 
74.7–96.0, I2 = 0%). For TNF inhibitors, the pooled rates of serocon
version with double dose mRNA vaccine were 93.8 (95%CI, 90.0–96.2, 
I2 = 30%), for anti-CD20 drugs: 39.0 (95%CI, 30.6–48.0, I2 = 39%), 
anti-integrin: 95.1 (95%CI, 84.3–98.6, I2 = 0%) and for JAK inhibitors: 
84.2 (95%CI, 72.8–91.4, I2 = 13%) respectively (Fig. 6).The pooled odds 
of seroconversion with TNF inhibitor monotherapy were higher than the 
combination of TNF inhibitor and an immunomodulator [1.61 (95%CI, 
1.08–2.40, I2 = 0%)] (Fig. 7). 

13. Other drugs 

Anti-IL 17 drugs did not appear to adversely affect the seroconver
sion rates after double dose of mRNA vaccination (Supplementary 
Table 6). Similarly anti-IL-6 drugs also did not impact seroconversion 
rates after double dose of COVID-19 vaccine. The response to Belimu
mab (anti B cell-activating factor) seemed to have a slightly lower 
response rate. Abatacept (analog of cytotoxic T cell lymphocyte antigen 
i.e. CTLA-4) was associated with a poor response to vaccination. Data for 
double dose mRNA response to patients on 5-aminosalicylates was 
limited but seemed to suggest a good response. Seroconversion rates in 
patients on leflunomide were slightly impaired. Responses to vaccina
tion in patients on Ustekinumab were not impaired. 

Supplementary Table 7 summarizes the expected seroconversion 
after a two dose regimen of mRNA vaccine across the various drugs used 

Subgroup

Total (95% CI)
Heterogeneity: Tau2 = 0.9133; Chi2 = 122.11, df = 20 (P < 0.01); I2 = 84%

byvar = Rheumatoid Arthritis        

byvar = Systemic lupus erythematosus

byvar = Vasculitis                  

byvar = Inflammatory Bowel Disease  

byvar = Spondyloarthropathy         

Total (95% CI)

Total (95% CI)

Total (95% CI)

Total (95% CI)

Total (95% CI)

Heterogeneity: Tau2 = 0.6795; Chi2 = 38.85, df = 6 (P < 0.01); I2 = 85%

Heterogeneity: Tau2 = 0; Chi2 = 0.61, df = 2 (P = 0.74); I2 = 0%

Heterogeneity: Tau2 = 0.2284; Chi2 = 4.11, df = 2 (P = 0.13); I2 = 51%

Heterogeneity: Tau2 = 0; Chi2 = 1.98, df = 4 (P = 0.74); I2 = 0%

Heterogeneity: Tau2 = 0.5828; Chi2 = 3.08, df = 2 (P = 0.21); I2 = 35%

Ammitzbøll C et al
Furer V et al
Geisen UM et al
Mrak D et al
Parakkal D et al
Rubbert−Roth A et al
Simon D et al

Ammitzbøll C et al
Furer V et al
Parakkal D et al

Braun−Moscovici Y et al
Furer V et al
Mrak D et al

Dailey J et al
Kappelman MD et al
Parakkal D et al
Simon D et al
Wong SY et al

Furer V et al
Parakkal D et al
Simon D et al

Study or
Events

 49
216
  8
 13
 30
 45
 24

 54
 93
 12

 17
 47
 10

 33
300
 42
  8
 26

 67
  5
 26

Total

1297

 488

 175

 106

 427

 101

  73
 263

   8
  33
  35
  51
  25

  61
 101
  13

  19
  70
  17

  33
 317
  43
   8

  26

  68
   6

  27

Weight

100.0%

38.6%

16.2%

17.5%

17.4%

10.2%

7.0%
7.3%
2.2%
6.5%
5.9%
6.2%
3.5%

6.3%
6.5%
3.4%

4.6%
7.0%
5.9%

2.3%
7.0%
3.5%
2.2%
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Fig. 6. Forest plots depicting the pooled seroconversion rates after two doses of mRNA vaccine after various drug exposures.  

A. Jena et al.                                                                                                                                                                                                                                    



Autoimmunity Reviews 21 (2022) 102927

12

in the treatment of IMIDs. 

14. Risk of bias 

Risk of bias assessment was performed for the included studies using 
JBI critical appraisal checklists. Ten studies were assessed using the case 
series checklist and 15 studies were assessed using the case control 
checklist, details of which are described in Supplementary Tables 8 and 
9. Since the Joanna Briggs guidance suggests against using a score cut off 
for quality assessment, we also did not score the studies. 

15. Discussion 

The results of the present systematic review suggest that the sero
conversion rates after SARS-CoV-2 vaccination in patients with IMIDs 
are lower than among the healthy controls. As expected, seroconversion 
rates are higher after a two-dose regimen of mRNA vaccine platform 
when compared to a single dose. Among patients with IMIDs who 
received a two-dose regimen of mRNA vaccine, exposure to anti-CD20 
therapies resulted in a much lower seroconversion rate as compared to 
other groups of drugs. Among the drugs, two doses of mRNA vaccine 
were associated with good (>90%) seroconversion rates in 5-aminosali
cylates, anti-TNF, anti-integrin, anti-IL-6, anti-IL 12/23, and anti-IL 17. 
Certain other drugs like corticosteroids, hydroxychloroquine, metho
trexate, JAK inhibitors, belimumab, leflunomide and mycophenolate 
mofetil, were associated with slightly lower (70–90%) seroconversion 
rates. As expected, anti-CTLA-4 therapies were also associated with poor 
seroconversion rates. Furthermore, a combination of biologics and im
munomodulators (anti-TNF and methotrexate or thiopurines) resulted in 
an attenuation of immunologic response over and above that of anti-TNF 
monotherapy. 

SARS-CoV-2 shares similarities with autoimmune disorders in path
ogenesis and immune responses [49]. There is activation of both innate 
as well as adaptive immune cells [50]. Immune mediated hemolysis, 
decreased leukocyte counts, cytokine storm, procoagulant state and 
macrophage activation are similar to both. Various autoantibodies have 
been detected with SARS-CoV-2 infection. Antigen mimicry might have 
a role between viral proteins and human proteins. Virus disturbs the self 
tolerance and accentuates the immune pathways through molecular 
mimicry with host proteins. Diseases like immune mediated thrombo
cytopenia, anti-phospholipid syndrome, Guillain-Barre syndrome have 
all been witnessed secondary to SARS-CoV-2 infection [51]. This simi
larity with auto-immune diseases is also supported by the fact that some 
drugs used to treat autoimmune diseases have effect against SARS-CoV-2 
infection. 

The present systematic review highlights the importance of a two- 
dose mRNA vaccine regimen in patients with IMIDs. The response to a 
single dose of either mRNA or AAV based vaccines were attenuated in 
patients with IMIDs [24].However, the response rates improved 
following second dose of vaccination. This needs to be considered in 

policy decisions in relation to the timing of the second dose of vaccines. 
Due to vaccine shortage, some governments have increased the interval 
between first and second dose of the vaccine. Our data suggests that this 
approach may not be appropriate for patients with underlying IMIDs. 

Another issue is the attenuated response to even double dose of 
vaccination in patients on certain immune modulating drugs. Our results 
make a strong case for assessing seroconversion in patients who are on 
anti-CD20 or anti-CTLA-4 therapies. Our data do not indicate the need 
assess antibody responses in patients on TNF inhibitors, anti -integrins 
or JAK kinase inhibitors. Furthermore, lower response rates were seen in 
patients with rheumatoid arthritis and vasculitis as compared to SLE, 
IBD and spondyloarthropathy. It is unclear whether this is attributable 
to the underlying disease or to the differences in therapies for these 
diseases. 

The systematic review has a few limitations: the heterogeneity of 
individual therapies and combination of therapies in IMIDs meant 
comparative effectiveness of vaccinations in different IMIDs could not 
be ascertained with certainty. Furthermore, there was heterogeneity in 
respect to type of vaccine (AAV, mRNA based or inactivated), number of 
doses (single or double) and the definition and time of measurement of 
seroconversion. We attempted to provide estimates for two doses of 
mRNA vaccination to ensure homogeneity, but these results may not be 
applicable to other vaccines. Finally, while the systematic review ad
dresses the question of serological responses, the impact of this on 
breakthrough SARS-CoV-2 is uncertain particularly since there is sparse 
data on T cell responses following SARS- CoV-2 vaccination in patients 
with IMIDs. Furthermore, the antibody decay and thereby the durability 
of the responses is not clear. A more recent work suggests that anti-TNF 
therapy may be associated with lower antibody titers even after two 
doses of COVID-19 vaccine, and the titers decay much faster as 
compared to anti-integrins [52]. 

In conclusion, the present systematic review demonstrates a reduced 
seroconversion to SARS-CoV-2 vaccination in patients with IMIDs. We 
also identify the subgroup of patients who may require assessment of 
seroconversion after SARS-CoV-2 vaccination in view of higher risk of 
non-response. 
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